Background: Microbiologic surveillance of flexible gastrointestinal endoscopes is recommended in several guidelines as the primary means of identifying reprocessing failures. This study aimed to evaluate the contamination level and prevalence of bacteria of post-reprocessing endoscopes and to access whether using a pump-assisted sampling method (PASM) improves the sensitivity of culture. Methods: All 59 endoscopy units in Tianjin, China, were investigated. The PASM and the conventional flushing sampling method (CFSM) were used to compare the results of the microbial culture. Logistic regression analysis was used to identify the influencing factors. Results: One hundred four (56.52%) flushing channel samples of gastrointestinal endoscopes were positive for culture, and the maximum bacterial concentration was 14,100 colony-forming units (CFU)/ channel. One hundred fifty-one (82.07%) flushing samples were qualified according to the national standard of China (≤ 20 CFU/channel). The qualified rate of the samples collected by PASM was significantly lower than the qualified rate by CFSM (65.52% vs 89.68%). Using PASM (odds ratio [OR]: 4.257; 95% confidence interval [CI]: 1.870-9.690) would increase the sensitivity of culture. The use of purified water (OR: 0.288; 95% CI: 0.102-0.814) could reduce the risk of endoscope reprocessing failure. Conclusion: Many endoscopes fail to meet the national standard for microbial culture after reprocessing. Our results suggest that using a pump-assisted method could increase the sensitivity of the test.
Gastrointestinal endoscopes are widely and increasingly used for minimally invasive diagnostic and therapeutic interventions. They are semi-critical devices because they contact with mucosal membranes during these procedures, which can result in microbial contamination on the surface and within the channels of the endoscope. 1 The sophisticated design incorporates several systems (eg, water, electricity, and air), and the unique coated materials, narrow and long lumens, and various joints make flexible gastrointestinal endoscopes difficult to clean and disinfect. 2 Although endoscopes should not develop biofilm if they are adequately disinfected, the failure of endoscope reprocessing, incomplete drying, and improper storage can lead to the survival of pathogens, to biofilm forming inside the endoscope channels, and to increased risk of infection. 3 It has been reported that manual cleaning that does not adhere to disinfection protocols is prone to human error. 4 A recent report by Robertson et al 5 indicated that a nosocomial outbreak of Salmonella enteritidis that affected 4 inpatients who underwent endoscopic retrograde cholangiopancreatography (ERCP) was linked to inadequate cleaning and drying of gastrointestinal endoscopes. Evidence shows that after processing a "dry cycle" in an automatic endoscope reprocessor (AER), up to 95% of endoscopes still have visible water in the channel after being stored overnight. 6 The presence of this water can lead to the growth of bacteria. Therefore, irrespective of whether gastrointestinal endoscopes were cleaned manually or with AERs, endoscope reprocessing failures have been reported, although the incidence of infection associated with the use of flexible endoscopes has been reported to be very low (~1 in 1.8 million procedures). 7 Ofstead et al 8 found that this low estimate of endoscopy-associated infections was neither reliable nor representative of actual infection risk and that the risk might be substantially higher than current estimates. Recent studies have examined post-endoscopy symptoms (fever, diarrhea, and abdominal pain) with incidence rates ranging from 0.5% to 3.4%.
The use of microbiologic surveillance to detect early endoscope contamination can possibly prevent cross-contamination and infection in patients. 9 Guidelines 10-12 issued by many countries and organizations recommend routine monitoring of endoscopes with microbial culture methods. The sampling technique recommended by each guideline is different. Only flushing the biopsy channel with sterile saline as the sampling method was represented by Europe 12 and Belgium. 11 The flush-brush-flush method was represented by Netherlands, 13 Australia, 14 Canada, 15 and the United States. 16 In theory, few organisms will be obtained from flushing alone if the endoscope is reprocessed in adherence with disinfection protocols. 16 Some evidence suggests that brushing of the biopsy channel with a sterile brush is more likely to release viable organisms attached to the inner lumen of the channel and is therefore a more sensitive sampling technique. 17 However, Chinese national standard 18 do not recommend the use of brushes for endoscope microbial culture. In addition to using the flushing method, the use of a peristaltic pump for sampling as an alternative method was approved according to Chinese national standard. 18 The primary objectives of this study were to investigate the microbial level of post-disinfection endoscopes in all endoscopy units in Tianjin, China; to compare the sampling technique between flushing and pump-assisted flushing; and to analyze the influencing factors of endoscope reprocessing on microbiologic culture.
MATERIAL AND METHODS

Ethical approval
This study was approved by the Institutional Ethics Review Board of Tianjin Centers for Disease Control and Prevention.
ENDOSCOPY UNITS
A total of 59 hospitals, located in all 16 districts of Tianjin, China, all of which perform gastrointestinal endoscope examination and treatment, were included in this study. Two hundred thirty-eight gastroscopes and 149 colonoscopes were distributed over these 59 endoscopy units. Not all endoscopy units had both gastroscopes and colonoscopes. Five endoscopy units had more than 10 gastroscopes. In contrast, only 2 endoscopy units had more than 10 colonoscopes. The largest number of gastroscopes in 1 unit was 42, and the largest number of colonoscopes was 20. The median number (quartile [Q] 1, Q3) of endoscopes per unit was 3 (Q1, 3; Q3, 6) for gastroscopes and 2 (Q1, 1; Q3, 3) for colonoscopes.
Sampling technique
Sampling and testing were conducted according to the Hygienic Standard for Disinfection in Hospital (GB15982-2012), 18 which is the Chinese national standard promulgated by the Chinese National Health and Family Planning Commission.
Two sampling techniques were used to sample flexible gastrointestinal endoscopes: (1) the conventional flushing sampling method (CFSM) and (2) the pump-assisted sampling method (PASM). The two sampling techniques both used 50 mL of fluid containing a neutralizer to flush the channel. Different fluid should be used for sampling. The CFSM used a syringe to draw 50 mL of neutralizing fluid, inject it into the biopsy channel, and used a sterilized bottle to collect the fluid at the distal point.
The PASM used a peristaltic pump (HTY-601, Zhejiang Tailin BioEngineering Co, Ltd, China) connected to the distal point with a sterilized silica gel taper joint. A collection cup (FC501, Zhejiang Tailin BioEngineering) with a filter membrane (0.45 μm) was connected to the peristaltic pump. Under the action of the peristaltic pump, the fluid was extracted and stopped at a certain frequency in the endoscope channel and absorbed into the collection cup. In 4 hours, the sample water was transported to the laboratory for testing.
Testing technique
The water collected was mixed thoroughly. One mL of water was taken and mixed with 15-20 mL per plate of ordinary nutrient agar cooled to 40°C -45°C and incubated at 36°C ± 1°C for 48 hours. After incubation, the colonies were counted and calculated as colonyforming units (CFU)/plate. The remaining water was collected by CFSM under aseptic conditions using a filter unit (Microsart @filter, Sartorius, Germany) to concentrated. Conversely, the remaining water collected by PASM was concentrated by the filter device (HTY-101, Zhejiang Tailin BioEngineering) that was matched with the collection cup.
The filter membrane obtained by the 2 sampling methods was aseptically removed, transferred to the nutrient agar plate, and incubated at 36°C ± 1°C for 48 hours. After incubation, the colonies were counted and calculated as CFU/membrane.
When the bacterial colonies on the filter membrane were too numerous to count, the result was reported as CFU/channel = CFU/ plate × 50. When the colonies on the filter membrane could be counted, the result was reported as CFU/channel = CFU/plate + CFU/ membrane.
The results were compared with the threshold value (20 CFU/ channel) established by the Hygienic Standard for Disinfection in Hospital. A VITEK 2 (Vitek2 compack30; Biomerieux, Marcyl'Etoile, France) analyzer was used to identify Gram-negative and Gram-positive aerobic bacteria.
Data collection
After each sampling, a questionnaire designed by the authors of more than 10 variables was completed by the medical staff of the sampling endoscopy units. The variables were recorded and coded as follows: location of hospital (1 = downtown area; 2 = rural area); level of hospital (1 = level 1; 2 = level 2; 3 = level 3); final rinse water (1 = municipal water; 2 = purified water; 3 = simple filter water; 4 = purchased bottled water); disinfectant (1 = GA; 2 = OPA; 3 = EOW; 4 = PAA; 5 = chlorine dioxide; 6 = ozone); drying method (1 = only compressed air; 2 = alcohol also used); hospital self-inspection (1 = adherence to GB15982; 2 = nonadherence to GB15982); AER available (1 = yes; 2 = no); and reprocessing method (1 = manual cleaning; 2 = AER). Endoscope identification and sampling date were recorded for each water sample.
Statistical analysis
Results are presented as the median (quartile) for quantitative data and as a frequency (percentage) for the categorical data. Chisquare tests were used to assess differences in the factors between the bacterial results of flushing samples, whether above or below the threshold value (20 CFU/channel). The effects of the factors on the risk of microbiologic assessment were estimated by calculating the odds ratios (ORs) and 95% confidence intervals (CIs) using logistic regression analysis. Statistical analyses were performed using Statistical Package for the Social Sciences version 19 software (IBM Corporation, Armonk, New York). All statistical tests were 2-sided, and P values less than .05 were considered statistically significant.
RESULTS
Microbiologic culture
A total of 184 endoscope channel water samples were collected from April 2016 to October 2017, which covered all 59 endoscopy units. The results of channel sample cultures are shown in Table 1 .
One hundred four (56.52%) flushing channel samples were positive for culture, and the maximum bacterial concentration was 14,100 CFU/channel. According to the national standard of China, flushing samples of the endoscope should not exceed the threshold of 20 CFU/channel, and the overall qualified rate was 82.07% (151/ 184). The qualified rate of flushing samples by PASM was significantly lower than the qualified rate by CFSM (65.52% vs 89.68%; P < .05) (Fig 1) . No statistical difference was observed in the culture results between the gastroscope flushing samples and the colonoscope flushing samples.
In 2016, 84 final rinse water samples were microbiologically cultured. The bacterial concentration of the final rinse water was up to 91,000 CFU/mL, and the qualified rate was 50%, according to the requirements of the Regulation for Cleaning and Disinfection Technique of Flexible Endoscope (WS 507-2016), which is the Chinese national standard that mandates that final rinse water should not exceed 10 CFU/100 mL. A weak correlation was observed by the rank correlation test between the bacterial colonies cultured in the final rinse water samples and channel flushing samples. The Spearman correlation coefficient was 0.481 (P = .000). No statistical difference was observed in the final rinse water composition ratio between the PASM and the CFSM (χ 2 = 3.857; P = .145). The CFU counts in the final rinse water purified using a 0.2-μm bacteria retentive filter were significantly lower than the CFU counts using municipal water or simple filtered water as the rinse water, according to the Kruskal-Wallis test (χ 2 = 8.28; P = .016). In the isolation of pathogenic bacteria or conditional pathogens, a total of 25 (13.59%) isolates were detected in 184 channel flushing samples. The most detected were Pseudomonas aeruginosa-a total of 5 strains (2.72%); and Escherichia coli, Acinetobacter lwoffii, and Stenotrophomonas maltophilia-a total of 4 strains (2.17%). Trichomonas malformi, Enterococcus faecalis, Pseudomonas testosteroni, and Burkholderia cepacia were also detected. In the final rinse samples, 8 strains were isolated. P. aeruginosa, Bacillus cereus, Aeromonas aeromonas, and Myxomycetes were each isolated in 2 strains (Table 2) .
Factor analysis
The chi-square test was used to analyze the factors that may influence the bacterial culture results of endoscope flushing water samples. Rural area location (P = .010), no ERCP (P = .027), using PASM (P = .000), and using only compressed air to dry (P = .006) were all related to failure of endoscope reprocessing. Hospital level (P = .000), CFSM, conventional flushing sampling method; No, of ≤ 20: according to Chinese national standard "Hygienic Standard for Disinfection in Hospital (GB15982-2012)", the microbial level of channel flushing should not be above 20 CFU/channel; PASM, pump-assistaed sampling method; Q, quartile.
Fig 1.
The values of microbial loads were compared using box-and-whisker plots. A box-and-whisker plot shows a "box" with the low edge at the lower quartile, the high edge at the upper quartile, the "middle" of the box at the median, and the maximum and minimum as "whiskers." The dotted line in the figure corresponds to 20 CFU/channel. PASM: pump-assistaed sampling method; CFSM: conventional flushing sampling method.
disinfectants (P = .016), and final rinse water (P = .003) also affected endoscope reprocessing (Table 3) . Considering the small number of samples in the group that used purchased purified water as the final rinse water, we combined it with data from the group that used purified water. Considering that the use of AERs is also an important factor affecting reprocessing, 7 factors, with the above univariate analysis results, were selected to analyze in multivariate logistic analysis. Using PASM (OR: 4.257; 95% CI: 1.870-9.690) could increase the failure of endoscope reprocessing. Conversely, using purified water filtered through a 0.2-μm bacteria retentive filter (OR: 0.288; 95% CI: 0.102-0.814) could reduce the risk of endoscope reprocessing failure (Fig 2) .
DISCUSSION
In the past decade, the use of gastrointestinal endoscopes, including for therapeutic purposes, has developed rapidly in China. 19 It is estimated that more than 20 million endoscopic procedures are performed each year in the United States. 8 It will eventually be higher in China because China has the world's largest population, and AERs, automated endoscope reprocessors; CFSM, conventional flushing sampling method; EOW, electrolyzed-oxidizing water; ERCP, endoscopic retrograde cholangiopancreatography; GA, 2% glutaraldehyde; OP, aortho-phthalaldehyde; PASM, pump-assisted sampling method; PPA, peracetic acid; Purified water, purified by 0.2 μm bacteria retentive filter; Reprocessing separately, respiratory and digestive systems are treated separately; According to the standard: the standard means Chinese national standard "Hygienic Standard for Disinfection in Hospital (GB15982-2012); Simple filter, the municipal water is filtered by a membrane with pore size > 0.2 μm. *P < .05.
Fig 2.
PASM: pump-assistaed sampling method; CFSM: conventional flushing sampling method; purified water: purified by 0.2-μm bacteria retentive filter; simple filter water: the municipal water was filtered by a membrane with pore size > 0.2 μm. OR: odds ratio; CI: confidence interval; *P < .05.
substantial development has been made in this field. 19 The true rate of transmission during endoscopic procedures may go unrecognized because of technically inadequate surveillance, no surveillance at all, low frequency, or the absence of clinical symptoms. 8 The most common factors associated with microbial transmission involve inadequate cleaning, disinfection, and drying procedures; the use of contaminated AERs; and flaws in instrument design or the use of damaged endoscopes. 1 A quality assurance policy (traceability, training of personnel, and microbiologic surveillance testing) has reduced the risk of infection. 12 Of these, microbial surveillance testing is the most important method for evaluating endoscope reprocessing, and it can be affected by a variety of factors, such as reprocessing operations, AER procedure, culture method, and sampling technique. 2 Our microbiologic surveillance testing of reprocessed gastrointestinal endoscopes over 2 years showed a 82.7% qualified rate for all samples and a 65.52% qualified rate for samples collected by PASM. The maximum bacterial concentration was up to 14,100 CFU/ channel. The pathogens associated with nosocomial infections, such as P. aeruginosa and E. coli, were also isolated from flushing water after endoscope reprocessing.
Because of the different sampling methods and culture conditions, it is impossible to compare our results with reports from other countries. A significant difference was observed in the qualified rates between the sampling methods for microbiologic surveillance testing of endoscopes: the qualified rate was higher for CFSM. Using PASM for collecting flushing water from endoscope channels is an optional method recommended by Chinese national standard, but it is not widely used in China. The main reason is that PASM requires specialized equipment (eg, a peristaltic pump) and is more complicated than CFSM. However, this study showed that PASM was more sensitive to microbial sampling than CFSM, with a higher positive rate. This may be because, during the peristaltic pump operation, the shear force generated within the lumen of the endoscope detaches pieces of biofilm along with planktonic forms of microorganisms. 20 Although the flush-brush-flush sampling method is recommended by other countries, [13] [14] [15] [16] China does not support this method; instead, it uses PASM as an alternative to CFSM. The ultimate goal of various sampling methods is to increase the sensitivity of the test. In theory and based on multiple reports, the flush-brush-flush sampling method can improve the sensitivity of the sampling; 2 however, other reports have suggested that its sensitivity is not as good as CFSM. 21 This has yet to be further verified. Another risk factor exposure in this study was the final rinse water. According to Chinese national standard, final rinse water requires a water treatment system using a 0.2-μm bacteria retentive filter to prevent recontamination of processed instruments during rinsing, but this requirement has not been well implemented. Of the 184 endoscopes in which flushing channel samples were collected, 54 (29.34%) were rinsed by municipal water, and 41 (22.28%) were rinsed by simple filtered water that was filtered by a membrane with a pore size larger than 0.2 μm. Our research confirmed that the use of purified water (OR: 0.288) can reduce the risk of endoscope reprocessing failure. This means that the use of purified water had 3.47 lower odds of endoscope reprocessing failure than the controls. The requirement for final rinse water in China's national standard is relatively lower than the requirement of using sterile water as final rinse water in the guidelines recommended by other countries. Even so, the implementation of the standard was still inferior. Alfa et al reported that untreated rinse water during endoscope reprocessing was the suspected source of P. aeruginosa transmission to patients. 22 That study found that multiple P. aeruginosa isolates were present in both the final rinse water and the flushing channel samples.
The new requirement for endoscope reprocessing was released only in 2016, and it will possibly take some time for hospitals to implement it. However, more important is the lack of supervision, training, and awareness. Similarly, after endoscope reprocessing, 78 of 184 flushing samples we collected were dried using only compressed air and were not flushed with 70% ± 90% alcohol or isopropyl alcohol for drying endoscope channels. For these reasons, although only purified water, not sterile water, is required for the final rinse, an alcohol rinse followed by complete drying is essential. 23 Using sterile water as final rinse water, using alcohol for drying, or using an AER are all techniques that can prevent biofilm formation and reduce bioburden. Flexible gastrointestinal endoscopes can develop biofilm within the channels after repeated rounds of patient use and reprocessing. 24 A recent study reported that preventing biofilm formation is critical because not all current reprocessing methods can reliably eliminate viable bacteria within the biofilm matrix. 25 Furthermore, others have reported that biofilm presents unique challenges, both in terms of medical device reprocessing and infectious diseases. 26 This study had several limitations. China started late in the verification of endoscope reprocessing and has not yet established a systematic verification system. Also, our study was conducted only in Tianjin; however, Tianjin has provincial-level status and is situated directly under the central government. In addition, our research in Tianjin involved all the endoscopy units. It included both the economically developed downtown areas and the relatively economically depressed rural areas. The economic imbalance is similar to the overall situation in China. 27 We think that our findings are representative of China's endoscope reprocessing procedures.
Future research should focus on simulating the endoscope tubing biofilm model; adopting PASM, CFSM, and the flush-brush-flush sampling method; and comparing the results of microbial culture.
CONCLUSION
Based on microbial surveillance, we found that, in Tianjin, many endoscopes failed to meet the national standard for microbial culture after reprocessing and that the pathogenic bacteria or conditional pathogens associated with nosocomial infection can be isolated. We also confirmed that PASM can improve the sensitivity of microbial culture. Endoscopic units should strictly adhere to the specifications for endoscope reprocessing, especially for the selection of final rinse water.
